Prorhinotermes Silvestri 1909 is a small genus represented by 18 described species (Constantino 2011) . The highest species diversity from this genus is known from the Papuan and Indo-Malayan regions (Emerson 1955) . Prorhinotermes spp. are mostly found on islands or coastal areas of continents (Snyder 1949 , Krishna 1970 . Some species, such as Prorhinotermes canalifrons (Sjö stedt) and Prorhinotermes inopinatus Silvestri, have extensive island distribution with Ͼ5,000-km linear distance ranging over Indian Ocean and PaciÞc Ocean (Emerson 1955 , Bess 1970 . So far, only two inland species, Prorhinotermes tibiaoensiformis Ahmad and Prorhinotermes spectabilis Ping & Xu, were described from Thailand and China, respectively, some 400 km from the seacoast (Ahmad 1965, Ping and Xu 1989) .
Prorhinotermes is considered more primitive than other genera of Rhinotermitidae, such as Coptotermes, Reticulitermes, and Schedorhinotermes (Roisin 1988) . The caste system of Prorhinotermes does not constitute a true worker that is similar to Kalotermitidae and Termopsidae (Noirot and Pasteels 1988) . Prorhinotermes colonies usually nest and feed in stumps, tree trunks, and logs with high moisture content (Bess 1970 , Roonwal 1970 , Weesner 1970 ) much resembling the nesting habits of some kalotermitids such as Neotermes. Their dampwood termite-like habitation may facilitate their dispersal by ßoating logs to distant islands. Foraging behavior of P. inopinatus (Rupf and Roisin 2008) and tunneling behavior of Prorhinotermes simplex (Hagen) (R. H. Scheffrahn and A. Mullins, personal communication) have been observed, but no extensive tunnel systems similar to those constructed by Coptotermes or Reticulitermes (King and Spink 1969, Su et al. 1993) , have been reported.
Among the six described species from China, the Philippines, and Taiwan, Prorhinotermes japonicus (Holmgren) 1912 was Þrst described based on soldier and neotenic specimens collected by Sanji Hozawa at Lanyu Island, Taiwan (ϭOrchid Island; Botel Tobago Island) and Little Lanyu Island (ϭLittle Orchid Island; Little Botel Tobago Island). Additional surveys were conducted by Oshima 1912 and Tu 1955 on the same islands, but no winged imagos of P. japonicus were ever mentioned. Hence, when Li and Tsai (1976) and Ping and Xu (1989) 
Materials and Methods
Descriptions and redescriptions are based on the examination of 29 colony samples collected from 17 localities including Hengchun Peninsula, Lanyu Island (type locality) and Little Lanyu Island (Fig. 1, insets) . Termites were preserved in 85% ethanol. The voucher specimens will be deposited at the National Museum of Natural Science, Taichung, Taiwan. Morphometric data were obtained by using a stereomicroscope (model SZX12, Olympus Optical Co., Ltd., Tokyo, Japan) Þtted with a calibrated ocular micrometer. The color photographs of each caste taken with a digital camera (DP70, Olympus Optical Co., Ltd.) and other supplementary material can be viewed at http:// ßrec.ifas.uß.edu/su/hou-feng-li.shtml. Measurement protocols were mainly adopted from Roonwal (1969) , and the illustration of each measurement is also available through the above URL link. Color description followed the Munsell color system (Munsell Color Company 1975) . Hue, value, and chroma of each color were denoted in parenthesis such as black (2.5Y 2/0). Munsell color plates were matched with the image of each characteristic projected on a computer monitor through the microscope and the camera. The color differences between the specimen and the image on the monitor were calibrated visually. Specimens used for scanning electron micrographs (SEMs) were dehydrated consecutively in 95%, 100% ethanol, and 1,1,1,3,3,3-hexamethyldisilazane for 24 h each (Nation 1983) . Dehydrated specimens were sputter-coated with platinum and their images were taken with a scanning electron microscope (SEM-5510LV, JEOL Ltd., Tokyo, Japan) at 10 kV. The contrast of SEMs was enhanced using GIMP software, version 2.6 (Free Software Foundation, Inc., Boston, MA). Backgrounds were converted to black. Scale bars were redrawn. Collection localities were mapped by using the software Google Earth, version 5.2 (Google Inc., Mountain View, CA).
Prorhinotermes japonicus (Holmgren)
Paratermes canalifrons (Sjö stedt) : Oshima 1912 Imagos. In dorsal view, head capsule, antennae, notum and dorsum yellow (10YR 7/8); compound eyes black (2.5Y 2/0); costal margin of wings and radial sector vein dark yellowish brown (10YR 4/6); generally giving the winged imago a uniform yellowish appearance ( Fig. 2 with a central groove connecting to fontanelle; anteclypeus narrow, semitransparent; labrum linguiform, yellow. Compound eye black (2.5Y 2/0), circular, and protruding; ocellus elliptical, yellowish white, and contacting an ocular sclerite. Antennae composed of 17Ð19 segments, Þrst segment longest, third and fourth segments shortest, in general, the segment length gradually increasing from proximal to distal segments; relative length formula usually 1 Ͼ 2 Ͼ 3 ϭ 4 ϭ 5 Ͻ 6 ϩ . Mandibular dentition as in Fig. 2C . Pronotum approximately semicircular, convex at the midline and gradually sinking toward anterior corners; anterior and lateral margin upturned; anterior corner rounded; posterior margin and posterior corner evenly rounded; Ͻ 20 scattered long setae Ϸ 0.2 mm at margin, Ͻ 5 long setae on the plate. Wing membrane transparent without hairs; costal margin and radial sector vein sclerotized. Fore wing with no clear and continuous median vein. In some cases, median vein separating and uniting with cubitus once or twice to form cells. Hind wing with unsclerotized media branching out from radial sector at proximal end; media and cubitus merging for 0.2Ð1 mm at proximal one third of wing from suture. Fore wing scale twice as long as hind wing scale. In resting position, the fore wing scale covering more than two thirds the length of hind wing scale; fore wing scale with Ͼ15 long setae Ϸ0.2 mm; hind wing scale with more than Þve long setae.
In ventral view, postmentum yellow (2.5Y 7/8), inversely pentagonal, two anterior corners rounded each with one long setae up to 0.2 mm, two lateral sides paralleled each with four long setae. Gena, palpi, and abdominal sternites yellow (2.5Y 8/8). Coxae, trochanters, femora, tibiae and tarsi pale yellow (2.5YR 8/4); claws sclerotized at distal end; arolia absent.
Imago Comparison. Based on description by Li and Tsai (1976) and our current study, the winged imago of P. xishaensis resembles to that of P. japonicus, although the former is slightly smaller (Table 1) . Many characteristics including head length, head width, eye maximum diameter, ocellus diameter, pronotum length, pronotum width, fore wing length, and the total length of P. xishaensis are 1Ð10% less than those of P. japonicus. Otherwise, no distinct difference was found between P. xishaensis and P. japonicus. Based on the description by Oshima (1920) and Light (1921) , the winged imago of P. tibiaoensis (ϭP. luzonensis) is a larger species than P. japonicus. The total length with wing of P. tibiaoensis is 11.0 Ð12.0 mm, whereas in P. japonicus is 10.2Ð11.0 mm. The wing length of P. tibiaoensis is 8.5Ð9.0 mm compared with 7.11Ð 8.04 mm in P. japonicus, and pronotum width is 1.44 Ð1.5 mm and 1.20 Ð1.38 mm for P. tibiaoensis and P. japonicus, respectively. The winged imagos of P. hainanensis, P. spectabilis, and P. gracilis are unknown.
Soldier. Head capsule in dorsal view ( Fig. 3 ; Table  2 ), tear-drop-shaped, yellow (10YR 7/8 or 2.5Y 8/8), anterior corners more sclerotized at mandibular articulations and antennal sockets, sides broadly rounded with less than Þve scattered setae of variable length to 0.2 mm. Frons slightly rugose. Fontanelle distinct, opening facing up, whitish and circular Ϸ 0.06 mm in diameter; a faint groove is present connecting fontanelle to the base of clypeus. Head capsule when viewed laterally, ßat, with Ͻ10 scattered setae of variable length to 0.2 mm on dorsal disc. Fontanelle situated close to vertex. Frons slopes smoothly from vertex. Antennal sockets slightly concave. Eyespot faint, whitish contrasting with yellowish (10YR 8/8) gena, situated a short distance behind, and at same height as antennal fossae. Clypeus narrow, white, and trapezoidal. Labrum yellow (10YR 7/8), linguiform, with two 2-mm setae at distal end, pointing to anterior. Mandibles very dark brown (10YR 2/2) distally and grading to brownish yellow (10YR 6/8) at base; mandible blades smoothly curved with indistinct teeth. Left mandible faintly serrated on inner surface in basal half, with more protruding molar plate at base than the right mandible. Antennae with 16 Ð20 segments, the proximal segments yellow (10YR 8/8) and grading to yellowish white at apical segments; Þrst segment longest; third antennal segment shortest; relative length formula usually 2 Ͼ 3 Ͻ 4 ϭ 5. Postmentum evenly yellow (10YR 8/8), bearing scattered long setae laterally in anterior half. In lateral view, postmentum smoothly convex, protruding from gena.
Pronotum yellow (2.5Y 8/8), with scattered setae of variable length to 0.2 mm at margins, less than four long setae on plate, median anterior margin slightly concave, anterior corners rounded; posterior margin broadly convex; posterior corners broadly rounded. Many soldiers with wing pads on meso-and metanotum, width of meso-and metanotum varied. In general, pronotum is slightly wider than meso-or metanotum, but not always. Abdominal sternites semitransparent. Coxae, trochanters, femora, tibiae, and tarsi white (10YR 8/2); claws slightly sclerotized at distal end; arolia absent.
Soldier Comparison, and Synonymization. The morphometric data (Table 2) show P. japonicus, P. xishaensis, and P. hainanensis are similar species. The only diagnostic character provided by Li and Tsai (1976) to describe P. xishaensis, collected from Xisha Island, China (Fig. 1) was the ratio of the pronotum width to mesonotum width (P. xishaensis, mesonotum is wider than pronotum; P. japonicus, pronotum is wider than mesonotum). In the current study, 26 P. japonicus soldiers from 13 colonies, two specimens of each colony were measured and 17 individuals exhibited wider pronotum than mesonotum. However, four individuals from TW154, TW151, and TW59 colonies have equal width of pronotum and mesonotum, and Þve individuals from TW71, NK109, and TW151 colonies have wider mesonotum than pronotum. The data showed the ratio of pronotum and mesonotum varied between intraspeciÞc colonies of P. japonicus, which supports P. xishaensis and P. japonicus are being conspeciÞc. Another Chinese species, P. hainanensis, collected from Hainan Island, China (Fig. 1) , is also similar to P. japonicus (Table 2) . Based on the description by Ping and Xu (1989) , P. hainanensis and P. japonicus could be differentiated by their head shape and the broadest point of the head capsule (P. hainanensis, somewhat trapeziform head shape and broadest point at posterior half of head; P. japonicus, oval head shape and broadest point at middle of head). In the current study, we found the head shape of P. japonicus is variable as either oval (teardrop-shaped) or somewhat trapeziform, and the broadest point may be located at either the middle or at the posterior half of the head (http://ßrec.ifas.uß.edu/su/hou-feng-li. shtml). The head shape and broadest point of head capsule used by Ping and Xu (1989) is not a characteristic sufÞcient to differentiate P. hainanensis and P. japonicus. Comparison of morphometric data (Table  2) shows that the three species, P. japonicus, P. xishaensis, and P. hainanensis have similar soldier morphology and they have close geographic distribution (Fig. 1) , hence, we propose that P. xishaensis and P. hainanensis are junior synonyms of P. japonicus. Collection of the winged imago of P. hainanensis and further comparisons are required to conÞrm its systematic status.
Two soldiers collected from Yunnan Province, China (Fig. 1) , were described as a new species, P. spectabilis, by Ping and Xu (1989) . The head length, head width, head height, and pronotum width of these two samples are on average 4Ð10% smaller than those of P. japonicus. Redescription of P. spectabilis with multiple colony origins, multiple castes, and a large sample size are required for further species comparison.
Based on the description of P. tibiaoensis (ϭP. luzonensis, Light 1921), the head width of small and large soldiers were 1.40 Ð1.65 mm, which is larger than that of P. japonicus, 1.20 Ð1.55 mm. In addition, the maximum width of the pronotum of P. tibiaoensis is 1.25Ð 1.35 mm which is much wider than that of P. japonicus (0.90 Ð1.20 mm). The original description of another Philippine species, P. gracilis, was based on only one small colony collected at the same region as P. tibiaoensis (Light 1921) . The narrow head capsule (1.25Ð 1.35 mm) and less sclerotized body of soldiers also indicate a young colony. Light (1921) reported that the number of antennal segments of P. gracilis (15Ð16) is less than that of P. tibiaoensis (18 Ð20), and the shape and size of the antennal segments between these two species are also different, so Light (1921) stated "I have felt it impossible to avoid making this a new species," which he described as P. gracilis. Our current study of P. japonicus showed the antennal segments could range from 16 to 20, and intraspeciÞc variation of morphological measurement are quite high (14 Ð 36%). Hence, without examination of multiple colonies, the taxonomic status of P. gracilis remains uncertain. It remains possible that P. gracilis is a junior synonym of P. tibiaoensis.
Neotenics. Neotenics ( Fig. 4 ; Table 3 ) of P. japonicus were mentioned by Holmgren (1912 Holmgren ( , 1913 , Oshima (1912) , and Hozawa (1915) , and neotenics of some other Prorhinotermes spp. also were described and listed by Snyder (1949) , which indicated this a Measurement based on 26 soldiers from 13 colonies in current study. b After Li and Tsai (1976) , n ϭ 15. c After Ping and Xu (1989) , n ϭ 35. d For P. japonicus, left mandible length was measured in ventral view as the diagonal distance from tip of mandible to most distant visible point of ventral condyle. For P. xishaensis and P. hainanensis, left mandible length was probably measured as the distance between two parallels at tip and base of mandible in dorsal view. By testing with some P. japonicus individuals, using the former method results in Ϸ10% longer measurement than adopting the latter method.
reproductive caste is frequently encountered for this genus. Hence, neotenic could be a caste for species identiÞcation for Prorhinotermes. Neotenics were found in Ϸ24% (7/29) of our colony samples, in which neotenics made up 2.0 Ð12.9% of total individuals. Based on the development of wing pads, the neotenics were divided into two types, such as apterous neotenic without wing pad and brachypterous neotenic with wing pads (Miller 1969 , Thorne 1996 . For brachypterous neotenics, the shapes of wing pads of mesoand metanotum were varied ( Fig. 4B and C) . In general, brachypterous neotenics had more winged imago characteristics than apterous neotenics, including well developed compound eyes, wing pads, distinct fontanelle, and more sclerotized cuticle. Almost every external structure of the brachypterous neotenics was larger than that of the apterous neotenics (Table 3) . The common characteristics of the two types of neotenics were described below unless stated otherwise.
In dorsal view, head capsule, notum and dorsum yellow (10YR seven-eighths) to reddish yellow (7.5YR 7/8); antennae very pale brown (10YR 8/4); (10YR 8/8 ), rounded-triangle shape, 0.12Ð 0.16 mm in diameter, opening unapparent. Frons slightly concave, faintly rugose. Postclypeus convex with two to three long setae up to 0.15 mm at each of the two lateral sides, a faint groove at midline connecting to fontanelle. Anteclypeus narrow, subhyaline. Labrum linguiform, convex, yellow (10YR seven-eighths), with hyaline distal end. Compound eye circular; brachypterous neotenics with entirely reddish brown (5Y 5/3) eyes, and apterous neotenicsÕ eyes constructing from varied number of reddish brown ommatidia in the center and whitish ommatidia circumferentially. Ocellus elliptical, yellowish white, 0.05Ð 0.08 mm in diameter. Antennae composed of 16 Ð20 segments, Þrst segment longest, Þrst and second segments more sclerotized than the others, third to eighth segments dense and short without distinct articulation giving it a stout appearance, the segment length gradually increasing from third segment to distal end.
Pronotum with scattered short setae Ϸ0.02 mm at margin; anterior and posterior corner rounded; anterior margin slightly concave at middle, posterior margin smoothly rounded. Pronotum of brachypterous neotenics wider and longer than that of apterous neotenics. Brachypterous neotenics usually with more than three long setae up to 0.25 mm, but less than three long setae for apterous neotenics. For apterous neotenics, meso-and metanotum is Ϸ10% wider than pronotum. In brachypterous neotenics, meso-and metanotum is Ͼ20% wider than pronotum.
In ventral view, abdominal sternites yellow (10YR 8/8 or 10YR 7/8), paler than dorsum and notum. Most ventral structures such as postmentum and legs of neotenic are similar to that of winged imagos.
Neotenic Comparison. Morphology of apterous and brachypterous neotenics of P. xishaensis described by Li and Tsai (1976) Þtted to that of P. japonicus described in this study. Some comparative measurements of neotenics between these two species are shown below. For apterous neotenics, maximum head width (P. japonicus, 1.15Ð1.43 mm; P. xishaensis, 1.16 Ð 1.25 mm), median length of pronotum (P. japonicus, 0.50 Ð 0.65; P. xishaensis, 0.49 Ð 0.58 mm), and maximum width of pronotum (P. japonicus, 0.90 Ð1.20 mm; P. xishaensis, 0.94 Ð1.02 mm) of the two species are highly overlapped. The mean difference of each measurement between the two species is Ϸ5Ð7%. For brachypterous neotenics, head length to labrum tip (P. japonicus, 1.43Ð1.58 mm; P. xishaensis, 1.41Ð1.55 mm), maximum head width (P. japonicus, 1.30 Ð1.50 mm; P. xishaensis, 1.32Ð1.44 mm), median length of pronotum (P. japonicus, 0.65Ð 0.78 mm; P. xishaensis, 0.68 Ð 0.75 mm), and maximum width of pronotum (P. japonicus, 1.18 Ð1.33 mm; P. xishaensis, 1.14 Ð1.27 mm). The mean difference of each measurement between the two species is Ͻ1.35%.
Remarks. Collections of two winged imagos (NCHU) by using pit-light traps at Lanyu Island in October 2003 provided clues of the dispersal season of P. japonicus for the Þrst time. On 19 October 2008, more alates (TW68, TW71, and TW72) were found at Hengchun Peninsula. When wood logs were opened with axes, some alates ßew away during our collection, which conÞrms their maturity for ßight. Alates (TW151 and TW154) also were collected from dead trees at Little Lanyu Island in late August 2009, but some of them were not well sclerotized. Based on these three collections, we speculated the dispersal ßight of P. japonicus occurs in late summer and early fall.
